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Currently, a major problem in membrane biology is to understand how the heterogeneous distribution of lipids and proteins is generated and maintained against the randomizing forces of diffusion. Progress in addressing this problem has depended on the application of novel biophysical methods that have sufficient resolution to interrogate the dynamics of submicron structures like lipid rafts. Single-molecule tracking experiments allow determining the position of the centroid of an optical image from a single molecule with a precision greater than 50 nm. However there is presently no capability for delivering the molecule to a predefined position to systematically investigate diffusional properties in different areas of the cell surface.
We have developed a new method, using a nanopipette, for controlled voltage-driven delivery of individual fluorescently labeled probe molecules to the plasma membrane which we used for single-molecule fluorescence tracking (SMT) [1] . The advantages of the method are 1) application of the probe to predefined regions on the membrane; 2) release of only one or a few molecules onto the cell surface; 3) when combined with total internal reflection fluorescence microscopy, very low background due to unbound molecules; and 4) the ability to first optimize the experiment and then repeat it on the same cell. We validated the method by performing an SMT study of the diffusion of individual membrane glycoproteins labeled with Atto 647-wheat germ agglutinin in different surface domains of boar spermatozoa. We found little deviation from Brownian diffusion with a mean diffusion coefficient of 0.79 ± 0.04 µm 2 /s in the acrosomal region and 0.10 ± 0.02 µm 2 /s in the postacrosomal region; this difference probably reflects different membrane structures. We also showed that we can analyze diffusional properties of different subregions of the cell membrane and probe for the presence of diffusion barriers. It should be straightforward to extend this new method to other probes and cells, and it can be used as a new tool to investigate the cell membrane. 
